Abstract. Design and analysis of a new Abbé free coplanar xy stage are presented in this paper. The xy stage is formed as conventional xy stages which combine with two stacked up linear guides. The x-guide is on the bottom and the y-guide is on top of the x-guide. The travel range of this xy stage is 300mm x 300mm, which fits dimensions of 12-inch wafers. A special mechanism is designed such that the z-surface of the y-guide has the same height as the zsurface of x-guide, and the Abbé error and cumulative error of this coplanar stage can be reduced. The concept of symmetric structure design is also considered to eliminate the structural deformation due to driving force of two guides. For this long travel range precision stage, the finite element method (FEM) is applied to analyze the structural deformation and vibration natural frequencies. The requirement of structural deformation due to self-weight load is limited to 1.5µm, and first natural frequency is limited to over 100 Hz.
Introduction
Recently, precision positioning technique is important in the development of science and technology. The positioning stages with high accuracy is required in various fields such as semiconductor manufacturing, precision machining, precision measurements, etc. XY stages with long travel range are normally combined with two stacked up linear stages [1] . The traditional configuration of stacked up type stages has disadvantages of large assembly errors and geometry errors, such as Abbé error. Therefore, stacked up type stages reduce the motion stability and accuracy for positioning. This paper proposes a design of the coplanar XY stage to reduce the accumulation of geometric errors and Abbé error. The coplanar stage developed in this paper contains several advanced design methods, including Abbé free concept and coplanar concept.
Coplanar XY stage design
Linear encoder is usually used to measure displacement in direct drive linear stage. If the work piece is put on the moving stage, the work piece and the linear encoder are on the different z-plane [2] . When the moving stage is unstable, the Abbé offset will appear, as shown in Fig. 1 . To eliminate the Abbé offset in the direct driver linear stage, laser interferometer is considered, as shown in Fig.2 . Reflection mirror, moving stage and laser interferometer locate at the same height. The laser beam will be emitted from the laser interferometer to the reflection mirror and will be reflected back into the receptacle on the laser interferometer, the displacement of the work piece will be measured by the laser interferometer. The laser interferometric measurement is free from Abbé errors of the first order in all the three xyz coordinates [3] . The Abbé error in a two-dimension space can be eliminated when the point 1, point 2, point 3, and point 4 are of the same z-plane heights and the line of point 1 and point 2 intersect the line of point 3 and point 4.
The coplanar stage is proposed in this paper, as shown in Fig. 4 . The Y-plate is supported by two precision guideways that are mounted on the X-plate. The X-plate is supported by another two precision guideways that are mounted on the granite. According to the coplanar design and Abbé free design, component 1, component 2, The overall system configuration of the coplanar motion stage is shown in Fig. 5 . The coplanar stage is controlled by the motion control system through the driver connected to a computer. This positioning system is designed for wafer inspection. The exploded view of the coplanar stage is shown in Fig. 6 . The Y-stage incorporates a wafer chuck, two mirrors, a Y-plate, and two Y-guides, as shown in Fig. 7 . The X-stage incorporates X-plate, two air bearings, and two X-guides, as shown in Fig. 8. Fig. 9 shows the box-in-box concept, which makes the guideways in X-direction and Ydirection are of the same height.As a result, the Abbé error and the cumulative error can be reduced [5] . The design of the high accuracy positioning stage needs to consider not only the structure deformation but also the natural frequency of the stage structure. The coplanar stage must have the operating frequency far from its structure natural frequency in order to prevent the resonance of the structure, which will influence the accuracy of the stage seriously. Hence, it is necessary to analyze the natural frequency and mode shape of coplanar stages and gantry. For a high accuracy requirement, the operating frequency of the controlling system should be different from the structure operating frequency.
The results of the first five modes and mode shapes from 1st to 5th of X-and Y-stages are shown in Fig. 14 . The 1th mode is a translation motion in X-direction, the 2th mode is rotation motion in X-direction, the 3th mode is translation motion in Z-direction, the 4th mode is rotation motion about X-direction, and the 5th mode is translation motion about Z-direction. From the Fig. 14 , the frequencies of first five modes are between 100Hz and 160Hz. The natural frequency will be changed due to different mechanism design. To avoid resonance, the mechanism design must be altered as the frequencies of the coplanar motion stage are measured.
The results of the first five modes and mode shape from 1st to 5th of gantry are shown in Fig. 15 . The 1st mode is a translation motion in Y-direction, the 2nd mode is translation motion in X-direction, the 3rd mode is translation motion in Z-direction, the 4th mode is rotation motion about Z-direction, and the 5th mode is rotation motion about X-direction.
Summary
This paper proposed a new coplanar XY stage used for wafer inspection. This coplanar stage with special mechanism design is Abbé free in both X-and Ydirections. The travel range of this coplanar motion stage is 300mm x 300mm, which makes it possible for a 12-inch wafer inspection. The self-weight analysis and modal analysis are carried out by using finite element analysis software ANSYS. The structural characteristic of this coplanar stage satisfies the design requirements of given design specifications.
